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Summary
Background: A large number of patients treated at our hospital for endocarditis have negative
cultures. Taking into consideration the fact that many of these patients receive antibiotics prior to
referral, we decided to study culture-negative endocarditis in Pakistan.
Methods: The medical records of all patients admitted to the Aga Khan University Hospital,
Pakistan, for the period from 1988 to 2001, with an underlying diagnosis of infective endocarditis
(IE) and negative cultures, were reviewed.
Results: Of the 159 patients diagnosed with IE by revised Duke criteria, 86 (54.1%) had persistent
negative cultures. More than half of these patients (52%) had received antibiotics before being
referred to our center. Patients with culture-negative endocarditis were less likely to be classified
as definite endocarditis by revised Duke criteria (p < 0.001, 95% CI 0.07—0.3) or to have large
vegetations (p = 0.021, 95% CI 0.05—0.5), and more likely to have a mitral valve prolapse
(p = 0.003, 95% CI 1.6—2.3). Definite endocarditis (p = 0.042, 95% CI 1.02—7.4), heart failure
(p = 0.008, 95% CI 1.4—12.7), renal failure (p = 0.017, 95% CI 1.16—40.7), embolism (p = 0.019,
95% CI 1.2—38.8), and neurological complications (p = 0.02, 95% CI 1.16—9.2) were associatedwith
an increased mortality.
Conclusion: Culture-negative endocarditis is very common among patients with IE in Pakistan. The
presentation, laboratory findings, and complications are similar to those for culture-positive
endocarditis. It is postulated that previous antibiotic treatment is the most common cause of
culture-negative endocarditis in our hospital.
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Culture-negative endocarditis presents a diagnostic dilem-
maanduncertainty for the clinician: a belief that the patient
has infective endocarditis (IE), but the key confirmatory
test, blood culture, is negative.1 Although echocardiogra-
phy, especially the transesophageal echocardiogram (TEE),
helps to confirm a diagnosis of endocarditis, culture-
negative endocarditis is still often diagnosed late. This late
diagnosismay lead to a subsequent increase inmorbidity and
mortality. Further, without isolation, antibiotic susceptibil-
ity of the infecting organism cannot be determined, making
it difficult to decide on an initial choice of antibiotics. In
cases where antibiotics are given empirically, the concern
remains that treatment is sub-optimal, inefficacious, or
unnecessary, and will further confuse the diagnosis. Thus
the clinician experiences anxiety, both about the diagnosis
and treatment.
Indiscriminate and inadequate antibiotic use without
appropriate workup is one of the important reasons why
cultures may prove to be negative in cases of IE. As seen
in developing countries such as Pakistan, this practice has
produced a unique microbiology of endocarditis.2,3 Studies
from this region using the revised Duke criteria for diagnosis
report the prevalence of culture-negative endocarditis to be
21—67%, in contrast to <10% in developed countries.4—8
Taking into consideration that a large number of patients
treated at our hospital for IE have negative cultures, we
studied the cases of culture-negative endocarditis at our
institution in order to determine the epidemiology, clinical
presentation, and outcome, and compared these cases to
those with culture-positive endocarditis.
Patients and methods
Patients and setting
The medical records of all patients admitted to the Aga Khan
University Hospital, Pakistan, for the period from 1988 to
2001, with an underlying diagnosis of IE, were reviewed. The
median number of admissions during the study period was
13 300 patients annually. In this study, we used the revised
Duke criteria for the diagnosis of IE to select cases.9 Out of
188 patients, 159 fulfilled revised Duke criteria.9 Eighty-six
(54.1%) had persistent negative cultures and were included in
the final analysis.
Microbiology
Blood cultures (3—5 sets of aerobic and anaerobic bottles)
were inoculated in sterile Bactec PlusTM (Becton-Dickinson,
NJ, USA) bottles for 1 week. The microbiology laboratory
was asked to incubate the cultures for a further 1—2 weeks
if the clinician had a high suspicion of endocarditis or of
infection with fastidious organisms. Fungal cultures were
sent in selected cases. A case of IE was considered to have
negative blood cultures as classically described in micro-
biologic protocols, when at least two different cultures
had been obtained, and all cultures were negative by the
time of hospital discharge or as recorded in the clinical
files.Definitions
Patients were classified as having acute IE if they had had
symptoms for10 days. Feverwas defined as a single reading
of 38 8C or more. The number, site, size, and mobility of
vegetation, site and importance of regurgitation, and other
valvular injuries such as perforation, abscess, valvular
aneurysm, or rupture of chordae tendinae were detailed
by transthoracic echocardiogram (TTE) and TEE. A vegeta-
tion was defined as a localized oscillating mass of dense
shaggy echoes attached to a valvular leaflet or to a support-
ing structure or in the path of turbulent jet or on implanted
material. A perivalvular abscess was defined as a region of
reduced echodensity or echoluscent cavity adjacent to the
valve or within the valvular annulus. The presence of septic
embolism or mycotic aneurysm was reported clinically,
usually supplemented by appropriate imaging. Renal failure
was defined by a serum creatinine level >2 mg/dl after
appropriate volume resuscitation, or a rise in creatinine
>1 mg above baseline in patients with chronic renal insuffi-
ciency. Nosocomial endocarditis was identified if the patient
developed symptoms after 72 hours of hospitalization for
any reason other than IE.
Statistical analysis
Statistical interpretation of data was performed using the
computerized software program SPSS version 13.0 (SPSS,
Inc., Chicago, IL, USA). Descriptive statistics are presented
as percentages for discrete variables. Continuous variables
are presented as mean  standard deviation (SD). Univariate
analysis was done for factors associated with mortality using
the Pearson Chi-square test, Fisher’s exact test, and the
Student’s t-test where appropriate. A p-value of 0.05
was considered statistically significant.
Results
Eighty-six patients were found to have culture-negative
endocarditis by revised Duke criteria;9 of these patients,
40.7% had definite endocarditis. A steady rise in the number
of cases was seen over the study period, with 71% of the
patients presenting in the second half of the study (1994—
2001). The mean follow-up was 2.25 years, and one patient
was lost to follow-up. Differences in the general character-
istics, including predisposing factors, pertinent clinical,
laboratory, and echocardiographic findings at presentation,
and the subsequent complications of IE between culture-
negative and culture-positive patients are shown and com-
pared in Table 1. In the culture-negative group, the male to
female ratio was 1.6:1 and the mean age of patients was 34.6
years (including one neonate and three infants). Seven (8.1%)
patients had prosthetic valve endocarditis. The mean dura-
tion of symptoms was 42.3 days and the most frequent
symptom was fever.
Echocardiography was performed in 98% of patients. The
TTE was positive in 69/83 (83% sensitivity) and the TEE was
positive in 13/14 (93% sensitivity). Right-sided endocarditis
was seen in 8.1% of patients.
More than half of our patients (52%) had received a
previous antibiotic course before being referred to our cen-
Table 1 Differences between culture-negative and culture-positive patients (total patients = 159) fulfilling the Duke criteria of
endocarditis.
Variable Culture-negative (N = 86) Culture-positive (N = 73) p-Value 95% CI
General characteristics
Age (mean  SD) 34.6  20.7 34.7  21.8 NSa -
Sex (male:female) 1.6:1 2.2:1 NS -
Acute endocarditis b 34 21 NS -
Symptom duration, days (mean  SD) 42.3  61 48  69 NS -
Definite endocarditis 35 60 <0.001 0.07—0.3
Nosocomial 2 3 NSc -
Presentation
Fever 79 70 NS -
Heart murmur 74 59 NS -
Clubbing 17 11 NS -
Splinter hemorrhage 2 5 NSc -
Janeway lesions 0 3 0.058c 0.09—1.06
Splenomegaly 14 14 NS -
Anemia 46 34 NS -
Thrombocytopenia 9 11 NS -
Leukocytosis 30 16 NS -
Raised ESR 32/44 29/42 NS -
Predisposing factors
Rheumatic heart disease 22 12 NS -
Congenital heart disease 16 23 NS -
Mitral valve prolapse with murmur 10 0 0.003c 1.6—2.3
Intravenous drug abuse 0 1 NSc -
Previous cardiac surgery 11 9 NS -
Prosthetic valve endocarditis 7 1 0.052c 0.8—53
Echocardiography
Mobile vegetation 20 24 NS -
Large vegetationd 4 20 0.021 0.05—0.5
Right-sided endocarditis 7 11 NS -
Multiple valves 9 15 NS -
Complications
Neurological complications 23 18 NS -
Renal failuree 6 12 0.06 0.13—1.07
Hemolysis 3 8 0.06c 0.07—1.1
Peripheral embolism 9 7 NS -
Heart failure 18 17 NS -
Cardiac abscess 4 1 NSc -
Pneumonia 4 9 NS -
Sepsis 3 4 NSc -
Surgery for endocarditis 12 6 NS -
Death 22 15 NS -
ESR, erythrocyte sedimentation rate; CI, confidence interval; SD, standard deviation; NS, not significant.
a Student’s t-test.
b Defined as symptoms <10 days.
c Fisher’s exact test.
d Defined as >10 mm by echocardiogram.
e Defined as serum creatinine >2 mg/dl.
608 B.K. Siddiqui et al.ter. Various antibiotics and their combinations, including sec-
ond- and third-generation cephalosporins (48%), amoxicillin—
clavulanate and ampicillin (24%), penicillins (14%), aminogly-
cosides (21%), quinolones (8%), andmacrolides (8%)wereused.The most commonly used combinations included were b-lac-
tams and aminoglycosides, quinolones and aminoglycosides,
and b-lactams and macrolides. The duration of use of these
antibiotics ranged from days to weeks. In addition, a history of
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the patientswhohad either used ‘over the counter antibiotics’
or were given ‘pills and injections’ by the primary medical
doctor without specification of the exact drug.
Most of the patients received a combination of a b-lactam
(penicillin in 56%, cloxacillin or a cephalosporin) or vancomy-
cin with gentamicin for 4—6 weeks. Twelve patients (14.0%)
needed surgery, one of whom died. Twenty-two (25.6%)
patients with culture-negative endocarditis died as compared
to 20.5% patients with positive cultures, although this differ-Table 2 Risk factors for mortality in 86 patients with culture-ne
Variable Dead (N = 22)
General characteristics
Age (mean  SD) 42  22
Sex (male:female) 16:6
Acute endocarditis b 7
Definite endocarditis 13
Nosocomial 1
Presentation
Fever 21
Murmur 18
Splenomegaly 5
Anemia 11
Thrombocytopenia 2
Leukocytosis 4
Raised ESR 5/32
Predisposing factors
Rheumatic heart disease 3
Congenital heart disease 3
Mitral valve prolapse with murmur 1
Previous cardiac surgery 4
Prosthetic valve endocarditis 4
Echocardiography
Mobile vegetation 7
Large vegetationd 2
Right-sided endocarditis 1
Complications
Neurological complications 10
Renal failuree 4
Hemolysis 2
Peripheral embolism 5
Heart failure 9
Cardiac abscess f 2
Pneumonia 4
Sepsis 3
Surgery for endocarditis 1
CI, confidence interval; SD, standard deviation; ESR, erythrocyte sedim
a Student’s t-test.
b Defined as symptoms <10 days.
c Fisher’s exact test.
d Defined as >10 mm by echocardiogram.
e Defined as serum creatinine >2 mg/dl.
f Included three myocardial and one valvular abscess.ence in mortality failed to reach statistical significance
(Table 1). Patients with culture-negative endocarditis were
less likely to be classified as definite endocarditis by revised
Duke criteria or to have large vegetations on echocardiogram,
and were more likely to have mitral valve prolapse and pros-
thetic valve endocarditis, than culture-positive patients,
although the latter failed to reach statistical significance
(Table 1).
Table 2 illustrates the factors associated with mortality in
patients with culture-negative endocarditis by univariategative endocarditis.
Alive (N = 64) p-Value 95% CI
32  13 0.053a 0.9—20
37:27 NS -
27 NS -
22 0.042 1.02—7.4
1 NSc -
58 NS -
56 NS -
9 NSc -
35 NS -
7 NSc -
26 NSc -
27/32 NS -
19 NSc -
13 NSc -
9 NSc 0.035—2.44
7 NSc -
3 0.055c 0.93—22
13 NS -
2 NSc -
6 NSc -
13 0.02 1.16—9.2
2 0.017c 1.16—40.7
1 NSc -
4 0.019 1.2—38.8
9 0.008 1.4—12.7
2 NSc -
9 NS -
4 NSc -
11 NSc -
entation rate; NS, not significant.
610 B.K. Siddiqui et al.analysis. Heart failure, renal failure, embolism, definite
endocarditis by Duke classification, and neurological compli-
cations were associated with an increased mortality.
Discussion
Studies on IE from the Indian subcontinent in particular, and
most of the developing world in general, report a high
prevalence of culture-negative endocarditis.4—8 Of the 159
patients diagnosed with IE during our study period, 86 (54.1%)
had negative cultures, consistent with prior studies from the
region. On the other hand culture-negative endocarditis
constitutes <10% of IE in the West.10—13
A review of the literature reveals that the presence of
fastidious microorganisms with limited or no capacity to grow
in routine blood culture systems, inadequate microbiological
techniques, and antibiotic treatment given before obtaining
blood cultures are the main causes of culture-negative endo-
carditis. The former include a large number of fastidious
microorganisms and fungi that need longer incubation per-
iods or special media to grow, or are diagnosed by serology.
We did not routinely do serological tests for Coxiella burnetii,
Brucella, Chlamydia, legionellae, and Bartonella because of
a low clinical index of suspicion and the financial constraints
of our patients. Our study population constitutes patients
mostly from southern Pakistan, where Brucella, Coxiella
burnetii, and Bartonella are not endemic. Only isolated cases
of these bacteria have been reported from northwestern
Pakistan.14—16 There have been no reported cases of these
organisms in southern Pakistan and we do not see them in our
clinical practice, even though serology workup is periodically
undertaken for fever of unknown origin.
The Aga Khan University Hospital is one of the premier
healthcare institutions in the region and our highly regarded
microbiology laboratory attracts samples from all over the
country. Efforts are made to keep up with the highest quality
of care, conforming to international standards. We used the
standard Bactec PlusTM (Becton-Dickinson, NJ, USA) systems
for incubation, and if there was a high clinical suspicion for
fastidious organisms the physicians asked the lab to incubate
the cultures for a further 2 weeks if necessary.1 However,
recent data suggest that prolonged incubation and extensive
subculturing do not increase the recovery of clinically sig-
nificant microorganisms from standard automated blood cul-
tures.17 It is unlikely that inadequate microbiological
techniques would have contributed to such a high incidence
of negative cultures.
More than half of our patients received antimicrobials
prior to admission. The authors feel that this may be the most
important reason for the high number of negative cultures
seen in our series. The numbers may be even higher con-
sidering that this is a retrospective study and many of our
patients are illiterate and have poor medical history recall.
Further there is poor inter-hospital communication of patient
data in our health system, and often a history of prior
antibiotic use could not be retrieved from other hospitals
and clinics. Administration of antimicrobial agents to IE
patients before blood cultures are obtained can reduce
the recovery rate of bacteria by 35—40%.18—23 The reasons
for such high use of prior antibiotics in our health system are
manifold. Fever in the developing world is indiscriminatelytreated with antibiotics, usually without a basic workup
including cultures. Like many other developing countries,24
prescribing and dispensing practices are not satisfactory in
Pakistan, and most general practitioners prescribe at least
one antibiotic for 54—62% of all presenting patients.2,3 Pre-
scription laws are generally not implemented, and ‘self-
treatment’ is common with most antibiotics being easily
accessible and available.25,26 This is particularly true for
patients eventually presenting to a tertiary care referral
center such as ours.
It is thought that most cases of culture-negative endo-
carditis in patients with prior antibiotic use are caused by
Gram-positive cocci, such as staphylococci, streptococci,
and enterococci — the bacteria usually associated with cul-
ture-positive endocarditis.1 In a recent series of culture-
negative endocarditis, two-thirds of patients in whom
Gram-positive cocci were seen or grown from sites other
than blood, had received antibiotics.27 Most of our patients
were treated with a conventional antimicrobial treatment
for endocarditis with an appropriate response to treatment
suggesting a similar microbial profile.
Several patient-specific factors are also believed to
reduce the detection of organisms from blood culture; for
example, uremia, right-sided endocarditis, mural endocar-
ditis, and prosthetic valve endocarditis.22,23,28 While a rela-
tively high prevalence of right-sided endocarditis was seen in
this series, the prevalence was not found to be higher than in
patients with positive cultures. Renal failure was associated
with negative blood cultures in this study, however this did
not reach statistical significance (Table 1). Ruiz and collea-
gues reported that patients with renal insufficiency have a
higher likelihood of presenting with negative blood cul-
tures.29 Of the eight cases of prosthetic valve endocarditis
diagnosed at our institution over the study period, seven
(87.5%) had negative cultures. A high prevalence of prosthe-
tic valve endocarditis has previously been observed by Lamas
et al. in a series of 63 cases of culture-negative endocardi-
tis.27 A very small number of patients with negative cultures
in this series had large vegetations on echocardiogram.
Larger vegetations, especially>10 mm in size, mean a larger
bacterial load, and a higher likelihood of positive blood
cultures. To some extent prior antibiotics suppress the pro-
gression of vegetation. Studies have shown that in patients
with large vegetations and negative cultures, monitoring
vegetation size by means of serial TEE may prove to be useful
for estimating the efficacy of treatment.
Zamorano et al.30 reported that patients with culture-
negative IE have a higher rate of complications, such as valve
rupture or perforation needing surgical repair and heart
failure, as compared to patients with positive blood cultures.
In contrast, a study from India, a country with high preva-
lence of negative cultures secondary to prior antibiotic use,
reported that the requirement for cardiac surgery and the
total in-hospital mortality were lower in the culture-nega-
tive.6 Although a trend towards higher mortality was seen in
our patients with negative cultures, this association did not
reach statistical significance.
Many experts recommend that if initial blood cultures
remain negative for 48—72 hours, they should be incubated
for at least an additional 2—4 weeks. Moreover, subcultures
should be plated onto chocolate agar and incubated in an
atmosphere of increased CO2 to facilitate recovery of fasti-
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may contradict these recommendations.17 Moreover, incuba-
tion and subculturing for a further 1—2weeks did not increase
the yield of blood cultures in this study. Additional techniques
for the identification of a causative organism, including
serologic tests and DNA/RNA-based molecular techniques,
such as PCR for 16S rRNA or broad-range PCR on valves after
surgery, can also increase the identification of the organ-
ism.31—37 Certain authors suggest that if there is a strong
clinical suspicion of IE in a patient who has received prior
antibiotics and has a good clinical status, antibiotics can be
withheld for a maximum of 4—5 days to obtain cultures.37 In
South Africa, a country with a high incidence of culture-
negative IE secondary to antibiotic use, a tendency towards a
greater diagnostic yield and lower mortality was seen if
antibiotics were initially withheld. Definite diagnoses (defi-
nite or excluded IE) were made in 92.8% of patients where
antibiotics were delayed, compared to 60% of patients who
received empirical treatment.38 Nevertheless, in the
absence of positive blood cultures, echocardiography, espe-
cially TEE, is a crucial tool in the diagnosis and management
of endocarditis. If the clinical diagnosis is made by echocar-
diography and typical history, treatment should be started
without delay.
Blood cultures form amajor as well as a minor criterion in
the revised Duke classification. As a result some authors have
questioned the sensitivity of revised Duke criteria for cul-
ture-negative endocarditis.27 We observed a significantly
higher prevalence of ‘possible endocarditis’ rather than
‘definite endocarditis’ by revised Duke criteria in patients
with negative cultures (Table 2, p < 0.001). Habib et al. and
Cecchi et al. reported that 80—95% of their patients diag-
nosed as ‘possible endocarditis’ by revised Duke criteria had
negative blood cultures.39,40 Negative cultures in both these
studies were mostly secondary to prior antibiotic use. Thus,
to increase the sensitivity of the revised Duke criteria,
Lamas and Eykyn41 have proposed certain modifications to
this classification. These modifications increased the sensi-
tivity of the revised Duke classification three-fold, from 21%
to 63%, in 63 patients with culture-negative endocarditis.27
Habib et al.39 reported that 86% of their patients with
negative blood cultures presented with one major and
two minor criteria, and could have been categorized as
‘definite endocarditis’ if positive blood cultures were pre-
sent or with the addition of one minor criterion. These
authors propose that the presence of one major and two
minor criteria can be sufficient for the ‘definite diagnosis’ of
IE in patients with prior antibiotic therapy, negative cul-
tures, and typical echocardiographic findings. It can be
postulated that many of our patients would have been
classified as ‘definite endocarditis’ if one major and two
minor criteria were taken into consideration in patients with
a history of prior antibiotic use. Perhaps the use of these
changes suggested by Habib et al.39 in addition to modifica-
tions proposed by Lamas and Eykyn41 may supplement the
diagnosis of endocarditis in developing countries where
there is a high incidence of prior antibiotic use and negative
blood cultures, such as Pakistan. The aforementioned mod-
ifications should be validated by prospective studies on
culture-negative endocarditis in these countries. These
studies should also look at the change in specificity resulting
from these modifications.Limitations
Our study has several limitations. Being retrospective in
nature, important data such as dental, gastrointestinal,
and genitourinary manipulation could not be retrieved. Ser-
ology and PCR were not undertaken for Brucella, Bartonella,
Coxiella burnetii, and other fastidious microorganisms. Being
a tertiary care center the data may not truly represent
endocarditis in the community and may be skewed towards
a sicker patient population. A history of prior antibiotic
therapy was difficult to obtain retrospectively as discussed
above. We are currently undertaking a prospective study to
confirm our results.
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